Background {#Sec1}
==========

Articular cartilage is generally considered an avascular, aneural and alymphatic structure. Consequently, little is known about the role that articular cartilage has in the proprioceptive feedback mechanism of the knee. However, numerous clinical studies have been published regarding the role of the anterior cruciate ligament \[[@CR1]--[@CR5]\] (ACL) and the meniscus \[[@CR6]--[@CR8]\] in knee proprioception. Beard et al. \[[@CR2]\] defined proprioception according to three components: joint position sense (JPS) (the static awareness of the position of the joint in space), kinaesthesia (the detection of joint movement and acceleration) and the efferent closed-loop reflex (the reflex response activity which regulates muscle stiffness). The central nervous system receives a collective neural input from peripheral receptors (mechanoreceptors) found within joints, ligaments, tendons, muscles and skin \[[@CR3], [@CR5], [@CR9], [@CR10]\]. These include Pacinian corpuscles, Ruffini endings and Golgi tendon organs \[[@CR5], [@CR11], [@CR12]\]. Mechanoreceptors are activated by mechanical deformations and send frequency-modulated neural signals to the central nervous system (CNS) that allow for a conscious appreciation of the position of the limb in space \[[@CR13], [@CR14]\].

Roberts et al. \[[@CR15]\] found poorer proprioception in ACL-deficient patients with associated lateral compartment cartilage lesions as compared to those without cartilage lesions. However, they were unable to ascertain whether the proprioceptive deficit in patients with a cartilage injury was simply the result of a higher energy injury, with more widespread effects overall, or was due to damage of neural structures in the chondral, subchondral and osseous tissue.

We conducted a prospective study assessing knee proprioception using stabilometry. The aim of the study was to investigate the proprioceptive function of patients with isolated articular cartilage lesions of the knee as compared to normal controls.

Methods {#Sec2}
=======

Subjects {#Sec3}
--------

Eight subjects were prospectively recruited to the Cartilage group. Table [1](#Tab1){ref-type="table"} shows their demographic details. The modified Outerbridge Scale (Table [2](#Tab2){ref-type="table"}) was used to classify the articular cartilage lesions identified \[[@CR16]--[@CR20]\]. These eight patients were found to have grade III or IV articular cartilage lesions in either the medial or lateral tibio-femoral compartments or the patello-femoral compartment. An isolated articular cartilage lesion of the knee was diagnosed by clinical history (i.e., localised pain with or without recent trauma) and examination (i.e., focal tenderness but with normal ligaments and meniscus provocation tests) and MRI scan of the injured knee for all patients in the Cartilage group. The diagnosis was confirmed at the time of knee arthroscopy. The patients in the Cartilage group had a normal contra-lateral knee confirmed by clinical history and examination. Table 1Demographics of subjectsCartilage group\
(*n* = 8)Control group\
(*n* = 50)Mean age (years) (SD)34 (9)25 (5)Male:female6:235:15Injured knee (right: left)6:2--Mean height (m) (SD)1.78 (0.1)1.75 (0.1)Mean weight (kg) (SD)89.8 (31.4)76.1 (14.4)Mean BMI (kg/m^2^) (SD)27.8 (7.1)24.6 (3.4)*BMI* body mass index, *SD* standard deviationTable 2Modified outerbridge classification of articular cartilage lesions \[[@CR16]--[@CR20]\]GradeDescription of lesion0NormalISofteningIISuperficial fibrillationIIIPartial thickness loss of cartilageIVFull thickness loss of cartilage (exposed subchondral bone)

All subjects in the Control group (Table [1](#Tab1){ref-type="table"}) had normal knees confirmed by clinical history and examination of both knees and an MRI scan of one knee. Of the 50 subjects who volunteered to join the Control group, 25 underwent an MRI scan of their right knee and the other 25 had an MRI scan of their left knee, alternating side in order of presentation. The Control group data was also used as the normal controls in another published study \[[@CR8]\].

Subjects who were 16 to 45 years of age were included. Participants were excluded from the study if there was a concomitant cruciate or collateral ligament tear or meniscal tear of the knee, significant history of ankle or hip pathology, lumbar spine symptoms (including radiculopathy in either limb), neurological or vestibular disease, diabetes or regular use of opiate analgesics was present. In addition, subjects were excluded from the Control group if there was a significant history of any knee pathology was present.

Full approval was received for this prospective study from the Research Ethics Committee and the Research Governance Committee. All subjects signed informed consent forms to participate. This study formed part of the first author\'s Doctorate thesis.

Patient-reported outcome measures {#Sec4}
---------------------------------

Patient-reported outcome measures (PROMs) where obtained for all subjects in both groups. These included the International Knee Documentation Committee (IKDC) Subjective Knee Score \[[@CR21], [@CR22]\] and the Knee Injury and Osteoarthritis Outcome Score \[[@CR23], [@CR24]\] (KOOS).

Proprioception {#Sec5}
--------------

Proprioception was evaluated using the Biodex Balance SD System (Biodex Medical Systems Incorporated, Shirley, New York) (Fig. [1](#Fig1){ref-type="fig"}), which quantitatively measures stabilometry. It has been validated for its use in assessing dynamic single-leg postural stability \[[@CR25]--[@CR27]\]. Dynamic stabilometry is a validated method of measuring knee proprioception \[[@CR28], [@CR29]\]. The Biodex Balance SD System consists of a multiaxial moveable platform which detects tilt from 0° to 20° in any direction. In turn, this platform computes an output in the form of an overall stability index (OSI). A low score indicates that the subject has good postural stability (and therefore good proprioception), and a high score reflects poorer stability and proprioception. All subjects in both groups had each leg assessed in bare feet three times for a duration of 20 sec for each test period. The computer output for each leg was calculated from the average of the three tests. The mean OSI result was used as the quantitative measure of proprioception for the purpose of the statistical analyses. Fig. 1Proprioception assessment using the Biodex Balance SD System. Single-leg stance dynamic postural stabilometry

Statistical analysis {#Sec6}
--------------------

All data variables were assessed for normality of distribution using plotted histograms and the Shapiro-Wilks test. The PROMs data variables for the Cartilage group displayed a normal distribution, but that of the Control group was negatively skewed. The proprioception OSI measurements also displayed a negatively skewed distribution for both groups. Data transformation was implemented for the OSI variables using the natural logarithm, and thereafter, the Log (OSI) data demonstrated a normal distribution for both groups and was used for the purposes of statistical calculations. The results were evaluated using the Mann-Whitney U-test and the independent-sample Student's *t*-test for between-group analyses as appropriate, paired Student's *t*-test for within-group analyses and the Pearson product moment test was used for the correlation analysis. The level of statistical significance was set at *p* \< 0.05. Statistical analysis was performed using SPSS for Windows version 25.0 (SPSS Inc., Chicago, Illinois).

Results {#Sec7}
=======

Table [3](#Tab3){ref-type="table"} shows the results of the PROMs analyses. A significant difference was observed between all the PROMs data between the two groups. Table [4](#Tab4){ref-type="table"} shows the proprioception measurements of both groups, and Table [5](#Tab5){ref-type="table"} shows the results of their statistical analyses. Table 3Comparison of patient-reported outcome measures of the Cartilage group (*n* = 8) and Control group (*n* = 50)Cartilage\
Median (IQR)Control\
Median (IQR)*p* value^a^IKDC Sub.36 (31--38)100 (99--100)\< 0.001\*KOOS Symptoms54 (43--54)100 (96--100)\< 0.001\* Pain47 (36--53)100 (100--100)\< 0.001\* ADL59 (40--63)100 (100--100)\< 0.001\* Sp. & Rec.30 (15--45)100 (100--100)\< 0.001\*QOL44 (31--44)100 (100--100)\< 0.001\**IQR* interquartile range, *IKDC sub* International Knee Documentation Committee Subjective Knee Score, *KOOS* Knee Injury and Osteoarthritis Outcome Score, *ADL* activities of daily living, *Sp. & Rec* sport and recreation, *QOL* quality of life^a^Mann-Whitney U-test analysis^\*^Statistically significant at \< 0.05 levelTable 4Proprioception measurements (Log (OSI))GroupMean(SD)Cartilage group (*n* = 8) Injured knee1.20(0.50) Uninjured knee0.95(0.61)Control group (*n* = 50) Right knee0.49(0.35) Left knee0.52(0.34)*SD* standard deviationTable 5Statistical analysis of proprioception measurementsLog (OSI)Uninjured kneeControl rightControl left*p*-value*p*-value*p*-value(95% CI)(95% CI)(95% CI)Cartilage group injured knee0.116\< 0.001\*\< 0.001\*(−0.08-0.59)(0.43-1.00)(0.41-0.97)Cartilage group uninjured knee--0.003\*0.004\*--(0.17- 0.76)(0.14-0.73)Control group right knee----0.422----(−0.04-0.10)Within group comparison; paired Student's t-testBetween group comparison; independent-sample Student's t-test\*Statistically significant at \< 0.05 level

A significant difference was observed when the injured knees and the uninjured knees of the Cartilage group were compared to those of the Control group. No significant difference was observed between the injured and uninjured knees of the Cartilage group. Also, no significant difference was observed between the right and left knees of the Control group.

Figure [2](#Fig2){ref-type="fig"} illustrates the scatterplot of the Pearson product moment correlation analysis comparing the proprioception measurements of the injured knee to that of the uninjured knee of the Cartilage group. A strong and significant (directly proportional) correlation was found indicating that low Log (OSI) scores in the injured knee were associated with low Log (OSI) scores of the contra-lateral uninjured knee. Fig. 2Pearson product moment correlation analysis of proprioception measurements (Log (OSI)) of the injured knee vs. the uninjured knee of the Cartilage group. \*Statistically significant at \< 0.05 level

Discussion {#Sec8}
==========

The results of this study found that a significant proprioceptive deficit exists as measured by dynamic, single-leg, postural stabilometry in patients with isolated articular cartilage lesions of the knee as compared to normal controls. A significant proprioceptive deficiency was observed in the contra-lateral uninjured knee of the Cartilage group as compared to that of the Control group. We found no significant difference in proprioception between the injured knee and the uninjured knee of the Cartilage group. Furthermore, a strong and significant correlation was found between the latter two variables. The results of the PROMs analysis demonstrated the level of debilitating symptoms endured by patients with articular cartilage lesions of the knee.

The subjects in the Cartilage group had arthroscopically confirmed isolated articular cartilage lesions (Outerbridge grade III or IV) in the presence of an intact ACL and menisci. Both the injured knee and the contra-lateral uninjured knee of the Cartilage group had a significant proprioceptive deficiency. The deficit of proprioceptive function of the uninjured knee was further confirmed by the statistically significant association of the Log (OSI) measurements for both knees of the Cartilage group with a strong correlation coefficient (*r* = 0.76). The latter observation can be substantiated by the suggestion that irregular afferent input from damaged mechanoreceptors in one limb can affect the proprioceptive function of the muscle spindles in the contra-lateral limb \[[@CR5]\]. Therefore, the use of the contra-lateral knee is not an appropriate or adequate comparator to serve as a control. A strength of this study was the use of an independent external Control group. This study has shown that articular cartilage lesions have a considerable impact on the proprioceptive function of the knee. Alterations in gait pattern can result from this proprioceptive insufficiency, which in turn can cause unphysiological joint loading and thereby lead to degenerative changes within the joint. The abnormal loading of subchondral bone stimulates nerve fibres. Neural ingrowth into the articular cartilage occurs through the osteochondral junction \[[@CR30]\]. The consequence of reduced proprioceptive feedback could also result in repetitive intra-articular trauma leading to progressive cartilage degradation and ultimately osteoarthritis. Poor proprioception leads to poor muscle control \[[@CR31]--[@CR33]\] and can also be a factor in the progression to osteoarthritis.

Various methods for measuring proprioceptive accuracy of the knee have been described in the literature \[[@CR34]\]. The different protocols for measuring knee proprioception do not correlate well with each other, and variations in protocol seem to affect measurement outcome. Proprioception may play an important role in knee osteoarthritis; however, this role needs further clarification. A new measurement protocol for knee proprioception needs to be developed. Review articles \[[@CR34]\] have advised that future studies need to focus on causes of impaired proprioceptive accuracy in patients with knee osteoarthritis, taking into account that the asymptomatic knee may also have proprioceptive impairments too.

The presence of mechanoreceptors have been demonstrated within articular cartilage \[[@CR35]\]. However, as with the meniscus, few clinical studies specifically relate to this topic. In 1991, Barrett et al. \[[@CR36]\] first introduced their technique of measuring proprioception using joint position sense (JPS) methods which involved the use of a Thomas splint with a Pearson knee-flexion piece to which a protractor was attached to measure the angle of knee flexion and extension. The principle of this technique formed the basis of knee proprioception assessment in many other studies \[[@CR3], [@CR6], [@CR37]\]. This approach has been found to be a reliable and reproducible \[[@CR36]\] technique. They investigated knee proprioception in three groups of patients, including subjects with radiologically proven osteoarthritis, patients who had previously undergone a total knee replacement (TKR) and a group of healthy controls. They also assessed the influence of the application of an elastic knee bandage on knee proprioception. Their results showed that the group of patients with osteoarthritis had significantly poorer proprioception as compared to the control group. The patients in the group that had undergone TKR were found to have significantly better proprioception than the osteoarthritic group, but the improvement did not reach the level of proprioceptive acuity of the control group. They found that older subjects had significantly poorer proprioceptive function than younger subjects in the control group. In addition, the elastic bandage was also found to significantly improve proprioception in patients with impaired JPS but had no effect on the control group with normal JPS. The proprioceptive deficit observed in the patients with osteoarthritis may have been due to the loss of cartilage (and therefore joint space narrowing) which resulted in laxity of the joint capsule and ligaments, which in turn influenced mechanoreceptor function. Another probable explanation included the damage incurred to the mechanoreceptors within the joint capsule by the lytic enzymes associated with the osteoarthritic process. Therefore, the proprioceptive changes may have occurred due to a combination of biomechanical and histochemical factors. The restoration of joint alignment and joint space height that accompanied a TKR was also demonstrated to result in significant proprioceptive improvement.

Hunt et al. \[[@CR38]\] measured single-leg standing balance using posturography (centre of pressure (COP) movement) obtained from a floor-mounted force platform in individuals with medial compartment knee osteoarthritis. They paradoxically found an inverse relationship between COP movement and radiographic disease severity as well as the number of painful knees. This translated to patients with more severe arthritis or those with bilateral symptoms exhibiting better single-leg standing balance. They justified their unexpected findings by hypothesizing that patients with more advanced arthritis had higher levels of quadriceps and hamstring muscles co-contraction, which would have resulted in stiffer lower extremities and subsequent reductions in COP movement. The results of our present study are consistent with logical findings which may be due to more advanced and reliable equipment used to measure proprioception.

Cho et al. \[[@CR39]\] conducted a single-blinded, randomized, controlled clinical trial in female patients with knee osteoarthritis and found that a knee effusion (induced with normal saline intra-articular injection) may also contribute to proprioception deficits in these patients. Van der Esch et al. \[[@CR40]\] conducted a cross-sectional study and reported a further proprioception deficit in patients with knee osteoarthritis who have a co-existing medial meniscal tear. We adjusted for these confounders in our study by excluding patients with meniscal tears so as to focus on the sole influence of isolated cartilage lesions.

Possible limitations of the current study include the comparatively higher number of male patients compared to female patients but this was proportionate to the Control group, the slight age difference between the two groups and the number of patients recruited to the Cartilage group; however, the latter was a reflection of the overall low prevalence of patients who fitted the strict inclusion criteria. Nonetheless, the magnitude of the proprioceptive deficit in the Cartilage group was pronounced and convincingly demonstrated strong statistical significance, therefore, spending further time on recruitment was not deemed necessary. The contra-lateral knee of the Cartilage group was thoroughly clinically assessed as being normal. We did not perform an MRI scan or knee arthroscopy of the contra-lateral knee as it was not deemed ethical to subject the patients to further procedures or surgery in the absence of symptoms and a clinical indication.

Conclusions {#Sec9}
===========

In conclusion, these results indicate that a demonstrable proprioceptive deficiency exists in patients with chondral injuries even in the presence of a normal ACL and menisci. As no significant side-to-side differences existed in knee proprioception of the Cartilage group, chondral lesions in one knee can be inferred to impede the afferent neural input and therefore the proprioceptive function of the contra-lateral uninjured knee. This concept was further confirmed by the strong and significant correlation between both knees of the Cartilage group. This study has shown that articular cartilage lesions have a major influence on knee proprioception. However, whether a proprioceptive deficit causes osteoarthritis or it occurs as a consequence of it remains uncertain.
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